Electromyographic (EMG) recordings were made Jrom the intrinsic laryngeal muscles (cricothyroid, thyroarytenoid) and the diaphragm oJ the cat to compare the eJJect oJ the same dose oJ diJJerent concentrations oJ lignocaine hydrocholoride applied topically to the laryngeal mucosa. All concentrations oJ lignocaine hydrochloride tested, two, Jive and ten per cent, produced desensitisation oJ the larynx, as demonstrated by a loss oJ response oJ the crocothyroid and thyroarytenoid to mechanical stimulation oJ the mucosa. Desensitisation was produced in a mean oJ 1.80 minutes in the thirty experiments perJormed. Return oJ baseline response took signiJicantly longer when 5 or 10% lignocaine was used compared with that when 2% was used (p <0.05). The usefulness oJ lignocaine hydrochloride as a topical anaesthetic Jar the larynx is reviewed.
Many local anaesthetic agents have been compared and contrasted for topical application to the upper airway. [16] [17] [18] [19] [20] Toxic manifestations have been produced by absorption of different agents through mucous membranes. 21 -23 Lignocaine hydrochloride is the drug preferred by many researchers and clinicians. 2 ,3,5 Some authors have recommended ultrasonic nebulisation of lignocaine as this is more acceptable to conscious patients than conventional laryngotracheal spraying. 4 Whereas the efficacy of both methods is similar the ultrasonic nebulisation may cause bronchoconstriction in patients with obstructive airway disease due to the action of aerosol. 5 
,24
The concentration of lignocaine may be important in desensitisation of the Data presented as number of experiments.
laryngotracheal mucosa. Reports have stated that concentrations less than 4070 would not be effective, 17, 25 and that 4% is the maximum effective concentration, and that increasing the concentration produced no significant effect on latent period of onset or duration of desensitisation. 18 The spread of lignocaine may also be significant in the onset of action as the rate of absorption from terminal airways is more rapid than from the upper airways.2 Plasma concentrations of lignocaine after laryngotracheal spraying have been shown to be low after one minute, and peak plasma levels are reached four to fifteen minutes after spraying. 2 ,26 Haemodynamic and intracranial pressure changes are not affected until five minutes after spraying although maximal topical anaesthesia may occur within 60 seconds. 3 The purpose of the present study was to assess by electromyographic responses of intrinsic laryngeal muscles and diaphragmatic muscles whether simple laryngotracheal spraying of lignocaine is effective in desensitising the larynx and upper tracheal mucosa. The methods of electromyography were those used previously to monitor reflex glottic closure of the cat. 1, 8, [27] [28] [29] The study was designed to compare the effectiveness, the rate of onset and duration of desensitisation of the larynx and trachea with three different concentrations of lignocaine.
MATERIALS AND METHODS
Thirty experiments were performed in twelve clinically healthy crossbred adult cats of both sexes, mean body weight 3.0 kg. Medelec Ltd., Surrey GU22 91U, England) was inserted percutaneously into the diaphragm. In six of the chloralose-anaesthetised cats the trachea and larynx were divided between the cricoid cartilage and the first tracheal ring and the trachea was cannulated. 7 The larynx was thus effectively isolated. Table 2 summarises the numbers of experiments conducted under each anaesthetic technique for the three lignocaine concentrations used.
Each cat, after induction of anaesthesia and placement or preparation of electrodes, was positioned in dorsal recumbency on a circulating warm water heating pad (Aquamatic@, Model K20, Hamilton, ID, U.S.A.). The mouth was held open by a gag and the tongue extended by applying traction on a retaining suture through the tip. This allowed exposure of the larynx throughout the experiment.
Electromyographic (EMG) recordings were made from the laryngeal muscles and the diaphragm by passing wire electrodes and needle electrodes either to a two-channel recorder (Medelec Four Channel Recorder, Serial No. 3888, Medelec Ltd., Surrey GU22 91U, England) and direct print-out paper, or to a preamplifier (Patterson Low Level Differential Amplifier) and oscilloscope (Tektronix Four Channel Amplifier and Oscilloscope, Model No. 5112), and photographed with a Nihon Kohden Continuous Recording Camera.
Each cat served as its own control. An EMG trace indicative of laryngospasm as described 7 ,27.28 was recorded at the beginning of each experiment, using an endotracheal tube to mechanically stimulate the larynx.
A 10 mg dose of lignocaine hydrochloride was then sprayed onto the mucous membrane of the vocal cords. A laryngoscope blade was used to assure visual examination of the larynx and allow the spray to be delivered accurately onto the vocal cords. Three concentrations of lignocaine, two, five and ten per cent, were evaluated. The 10070 concentration was delivered from aerosol spray (Xylocaine 10070 Spray, Astra Hewlett); the weaker concentrations were prepared by diluting the 10070 solution from the aerosol with 0.9070 saline and delivering a fine mist of spray through a Anaesthesia and Intensive Care, Vot. 13, No. 2, May, 1985 syringe and a barbed hypodermic needle.
EMG traces were recorded continuously in the early part of each experiment with the larynx being mechanically stimulated with an endotracheal tube every few seconds. The time at which endotracheal intubation could be performed easily was noted and the point at which no visible response was seen by observation of the larynx and the recorder was noted also. After this point, traces were Effects of spraying larynx with 5070 lignocaine between barred arrow, followed by mechanical stimulation of larynx (single arrows). Trace 3 -Continuous with trace 2.
Effects of mechanical stimulation of larynx (single arrows), with intubation of larynx and complete desensitisation of larynx. Trace 4 -Fifteen minutes after spraying larynx. Effects of mechanical stimulation of larynx (barred arrows). Trace 5 -Ninety-six minutes after spraying larynx.
Effects of mechanical stimulation of larynx (single arrow, barred arrows) (spikes retouched).
recorded every two to three minutes during extubation and re-intubation of the larynx until response to stimulation of the larynx was similar to that before spraying, with the larynx exhibiting spasm and re-intubation being either difficult or impossible. Recovery of normal, or baseline, response was assessed by examination of the recorder and the EMG trace and comparing the duration and amplitude of highfrequence discharges from the motor units of the cricothyroid muscle at the end of the experiment to the similar control trace taken at the beginning of the experiment before spraying the larynx. At the end of each experiment, the EMG trace recorded from the cricothyroid muscle was examined to determine the time (in minutes) from the beginning of spraying of the larynx to 1. loss of response, 2. intubation easily performed, 3. first recovery of response, 4. complete recovery of baseline response. The length of time of no response was then calculated for each experiment.
A Student's t-test for unpaired data was used to compare the results from the concentration groups, differences were considered significant at p<0.05.
Nine of the cats underwent at least one experiment with two or more of the different lignocaine concentrations, results were analysed by the Student's t-test for paired differences (P<0.05).
In order to demonstrate the extent of spread of local anaesthetic, lignocaine hydrochlorine was used with Evans Blue dye added. Two cats received 2070 and 10% respectively using the same procedure described for other experiments except that they were sacrificed fifteen minutes after spraying. Figure 1 shows a representative series of electromyographic traces. Trace 1, Figure 1 , shows the loss of diaphragmatic activity and bursts of action potentials from the cricothyroid and diaphragm associated with mechanical stimulation. Trace 2, Figure 1 , demonstrates the intense activity produced in the muscles by spraying the larynx (S) with lignocaine. Thereafter, to the end of the trace, bursts of activity were associated with repeated mechanical stimulation with no rhythmic diaphragmatic activity seen. The cat can be presumed to have been apnoeic during this time with possible periods of 'bucking' associated with stimulation. Intubation (I, trace 3, Figure  1) was possible 70 seconds from the beginning of spraying, with complete loss of response of the cricothyroid and return of diaphragmatic activity (D) seen at 97 seconds. Trace 4, Figure  1 , shows the lack of response of the muscles during desensitisation. Trace 5, Figure 1 , shows a complete recovery of baseline response, resembling the action potentials produced in trace 1 both in frequency and duration. This occurred 96 minutes after spraying. In Table 3 are compared the mean times measured for the three concentrations of lignocaine, and for all experiments. It can be seen that the times from beginning of spraying to complete loss of response were similar for all concentrations, mean for all experiments was 1.80 (S.D. 0.73) minutes. Likewise, the times to intubation were similar, with intubation possible at a mean of 1.36 (S.D. 0.68) minutes in all experiments.
RESULTS
The times from spraying to first recovery of response and the length of time of no response were significantly longer with 10070 than with 2% lignocaine. Complete recovery of baseline response was significantly longer with 5% compared with 2% and 10% compared with 2% (p<0.05).
However, there was some variation in results. For instance, the range of values for complete recovery of response was wide for all concentrations. There was also variation in results for some of the individual cats in which the same concentration was used in two experiments. For instance, in cat No. 2, sprayed with 2% lignocaine, complete recovery of baseline response was measured as 70.0 minutes in one experiment and 37.0 minutes in a following experiment. Table 4 shows the times to return of responses measured for nine individual cats in which two or three of the concentrations of lignocaine hydrochloride were used. Paired results were compared in each cat. Results were similar to those described from Table 3 . It should be noted that cats Nos. 7 and 9 behaved atypically with no or little apparent difference between the three concentrations of lignocaine used.
Those experiments in which the trachea and larynx were separated before recordings were made did not produce markedly different or more consistent results than those in which the upper respiratory tract was left intact (except cat 7 sprayed with 10% lignocaine, Table 4 ).
Post mortem dissections of the respiratory systems of the two cats sprayed with Evans Blue dye showed light staining of the larynx, pharynx and trachea to the ninth tracheal ring with the 10% solution and extensive staining of the base of the tongue, pharynx, larynx, trachea, primary, secondary and some tertiary bronchi with the 2% solution.
DISCUSSION
The results of this study indicate that two, five and ten per cent lignocaine hydrochloride are all effective as sprays for desensitisation of the larynx. Loss of laryngeal response to mechanical stimulation and resumption of rhythmic diaphragmatic activity can be expected within 1.5 to 2 minutes after spraying the laryngeal mucosa with any of the three 
Comparison of times (minutes) of desensitisation of the larynx of individual cats, produced by three different concentrations of lignocaine spray
Time from beginning of spray to: concentrations. These results are similar to that produced by Adriani et al. 18 who reported an onset of action of desensitisation of tongue mucosa in 2.0 minutes with 4070 lignocaine. The 2% solution contained the 10 mg dose of lignocaine in a larger volume (0.5 ml) than the 10% solution (0.1 ml) and the 2% solution spread more extensively along the respiratory tract as demonstrated by the staining with Evans Blue dye. The onset of action, therefore, is unaffected by both the concentration of the lignocaine and the extent of the spread of lignocaine within the respiratory tract. The results correspond to the clinical observations made by Morrell et al. 2 who found that nearly maximal topical anaesthesia was achieved within approximately one minute, and therefore used a one-minute interval between laryngotracheal instillation of 4% lignocaine instillation and endotracheal intubation. However, a five-minute interval has been recommended between laryngotracheal instillation and intubation if hypertension and tachycardia are to be prevented. 9 Cardiovascular changes associated with laryngeal stimulation were not measured in this study.
It has been suggested that, in man, rapid absorption from terminal airways will produce maximal plasma concentrations of lignocaine within two minutes, similar to those after intravenous injection, compared with fifteen minutes after laryngotracheal absorption. 2 ,18,26 In this study, desensitisation of the larynx was produced with all three concentrations of lignocaine within approximately two minutes; thus if variation in rate of absorption occurs in the airways of cats as it does in man, it appears that the onset of desensitisation of the larynx does not necessitate attainment of maximal plasma concentrations.
The recovery of laryngeal responses after spraying varied according to the concentration of lignocaine used, with the lower concentrations showing a relatively shorter duration of action and faster recovery of responses. Complete recovery of baseline response after spraying took from approximately 60 to 120 minutes (1 to 2 hours), depending on the concentration.
One might postulate that the smaller volume of the 10% spray resulted in a concentration of the 10 mg dose of lignocaine around the larynx and upper trachea, and thus accounted for the longer duration of action of 10% lignocaine. Adriani et al., 18 measuring the effect of agents applied topically to the mucous membrane of the tip of the tongue of man, recorded similar results to those produced in the present study on the laryngeal mucosa of the cat. The mean duration of action to first return of response in their study for 2% lignocaine was 12.1 minutes (13.1 in this study) and 4% lignocaine was 15.2 minutes (18.7 minutes for 5% in this study).
There was sufficient variation in results that interpretation of the results of the study should be made with care for the clinical patient. Some individual animals showed variation in response to the same concentration of lignocaine; some animals were desensitised for longer periods of time than the mean values might indicate, and other animals showed similar duration of actions with all three concentrations (cats Nos. 7 and 9). The possible reasons for these variations include variations in deposition and absorption, depressant effects of the systemic anaesthetic used, varying production of mechanical stimulation, and individual variation of response to lignocaine.
The advantages of endotracheal intubation during general anaesthesia and the necessity for relaxation of the laryngeal structures before intubation or endoscopy have been well documented, Cats l and children 34 are two groups of patients which present particular problems. The larynges of these patients are small and stimulation of the laryngeal mucosa readily produces laryngospasm, an exaggerated reflex glottic closure.I, 35 Topical application of a local anaesthetic agent, such as lignocaine hydrochloride, to the laryngeal mucosa and upper tracheal mucosa is a simple and effective method of desensitising the larynx and producing relaxation of laryngeal adductor and tensor muscles, and thus the vocal cords. Another advantage of topical desensitisation of the larynx is the reduction of stimulation of afferent pathways in the respiratory tract of cardiac and respiratory reflexes. Scherf, Scurr, and others have described the stimulation of cardiac reflexes such as bradycardia, arrhythmia, even cardiac asystole; Rex has described arterial blood pressure changes produced during laryngospasm in the cat and numbers of workers have recorded breathholding and apnoea occurring during laryngeal stim ulation. [36] [37] [38] Topically applied local anaesthetics have certain disadvantages when used on the larynx. For instance, they render the larynx insensitive for a long period so inhalation of fluids or foreign bodies during the recovery phase of general anaesthesia becomes a hazard. The duration of desensitisation depends not only on the choice of the agent and the dose used, but the present authors have shown that the concentration of the agent may also be an important factor. Thus it is important to correlate agent, dose and concentration with the duration of the operative procedure or diagnostic technique. This study has shown also that individual variation in response is still to be expected, with some patients showing only minimal loss of response of the larynx, yet other patients being desensitised for almost two hours even with the lower concentrations of lignocaine spray.
Toxicity of local anaesthetics is of particular significance in small patients such as the cat or the infant as toxicity is related not only to the choice of agent and the route of administration but also to the total dose administered. Local anaesthetics are absorbed rapidly by the mucous membrane of the respiratory tract in children, and plasma concentrations can reach toxic levels after topical aerosol application to the larynx and trachea. 39 ,4o Several workers have shown that it is difficult to reach the threshold for moderate systemic toxic signs at levels of 5-6 I1g/ml lignocaine in serum,25 by laryngotracheal instillation of lignocaine in adults, but this may not be true in smaller patients. Accurately metered doses of lignocaine at dosages of 3-4 mg per kg body weight have been recommended in infants and children. 39 ,41 In the present study, the average body weights of the cats used was 3.0 kg and the computed dose given was 10 mg of lignocaine hydrochloride. No signs of toxicity were seen. Acheson, Bull and Glees showed that lO mg per kg body weight of lignocaine hydrochloride, given intravenously to cats, produced excitement and convulsions. 42 Topically applied local anaesthetics may also produce dose-related changes in ciliary activity of the respiratory epithelium. 22 ,43 Anaesthesia and Intensive Care. Vol. 13, No. 2, May, 1985 In conclusion, the present study showed that a 10 mg dose of lignocaine hydrochloride sprayed onto the laryngeal mucosa of cats produced desensitisation in a similar period of time with two, five and ten per cent concentrations. Endotracheal intubation could be performed easily in all experiments. Return of response of the larynx after spraying was significantly longer with five or ten per cent lignocaine than two per cent. This long period of desensitisation may present a problem in the recovery period of clinical anaesthesia when regurgitation and aspiration could take place. Two per cent lignocaine spray was shown to be the satisfactory and relatively safe method for topical anaesthesia of the larynx of the cat.
